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wherein, in Formula 1, groups and variables are the same as
described in the specification.
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HETEROCYCLIC COMPOUND,
COMPOSITION INCLUDING
HETEROCYCLIC COMPOUND, AND
ORGANIC LIGHT-EMITTING DEVICE
INCLUDING HETEROCYCLIC COMPOUND

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Japanese Patent
Application No. 2017-252570, filed on Dec. 27, 2017, in the
Japanese Patent Office, and Korean Patent Application No.
10-2018-0140095, filed on Nov. 14, 2018, in the Korean
Intellectual Property Office, and all the benefits accruing
therefrom under 35 U.S.C. § 119, the contents of which are
incorporated herein in their entireties by reference.

BACKGROUND

1. Field

[0002] The present disclosure relates to a heterocyclic
compound, a material for an organic light-emitting device
including the heterocyclic compound, and an organic light-
emitting device including the heterocyclic compound.

2. Description of the Related Art

[0003] Organic light-emitting devices (OLEDs) are self-
emission devices that have relatively wide viewing angles,
relatively high contrast ratios, relatively short response
times, and increased luminance, driving voltage, and
response speed characteristics. OLEDs may produce full-
color images.

[0004] Typical OLEDs include an anode, a cathode, and
an organic layer that is between the anode and the cathode
and includes an emission layer. A hole transport region may
be disposed between the anode and the emission layer, and
an electron transport region may be disposed between the
emission layer and the cathode. Holes provided from the
anode may move toward the emission layer through the hole
transport region, and electrons provided from the cathode
may move toward the emission layer through the electron
transport region. Carriers, such as holes and electrons,
recombine in the emission layer to produce excitons. These
excitons transit from an excited state to a ground state to
thereby generate light.

[0005] Various types of organic light emitting devices are
known. However, there still remains a need in OLEDs
having low driving voltage, high efficiency, high brightness,
and long lifespan.

SUMMARY

[0006] Provided are a heterocyclic compound, a compo-
sition including the heterocyclic compound, and an organic
light-emitting device including the heterocyclic compound,
for example, the organic light-emitting device may have
excellent current efficiency and emission lifespan by includ-
ing the heterocyclic compound. Also. the heterocyclic com-
pound may have suitable properties in using solution coat-
ing.

[0007] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.
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[0008] According to an aspect of an embodiment, a het-
erocyclic compound may be represented by Formula 1:

Formula 1
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[0009] wherein, in Formula 1,

[0010] X, to X,, may each independently be selected from
carbon (C) and nitrogen (N),

[0011] at least one selected from X, and X, may be C and
be bound to -(L,),,-A,,

[0012] L, may be selected from a substituted or unsubsti-
tuted C,-C,, alkylene group, a substituted or unsubstituted
C;-C, cycloalkylene group, a substituted or unsubstituted
C,-Cg, carbocyclic group, and a substituted or unsubstituted
C,-Cq, heterocyclic group,

[0013] L, and L, may each independently be selected from
a single bond, a substituted or unsubstituted C,-C,, alkylene
group, a substituted or unsubstituted C5-C,, cycloalkylene
group, a substituted or unsubstituted C;-Cg, carbocyclic
group, and a substituted or unsubstituted C,-C, heterocy-
clic group,

[0014] bl may be an integer selected from 1 to 5,
[0015] b2 and b3 may each independently be an integer
from 0 to 5,

[0016] A, and A, may each independently be selected

from a substituted or unsubstituted Cg-Cy, aryl group, a
substituted or unsubstituted C,-Cg, aryloxy group, a substi-
tuted or unsubstituted Cy-Cg, arylthio group, a substituted or
unsubstituted C,-C, heteroaryl group, a substituted or
unsubstituted C,-Cy, heteroaryloxy group, a substituted or
unsubstituted C,-Cg, heteroarylthio group, a substituted or
unsubstituted monovalent non-aromatic condensed polycy-
clic group, a substituted or unsubstituted monovalent non-
aromatic condensed heteropolycyclic group, and a substi-
tuted or unsubstituted C5-Cq, heteroaryl group, provided
that at least one selected from A, and A, may be a C5-Cq,
heteroaryl group,

[0017] R, to Ry may each independently be selected from
hydrogen, deuterium, —F, —Cl, —Br, —I, —CD;,
—CD,H, —CDH,, —CF,;, —CF,H, —CFH,, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group, a
carboxylic acid group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof,
a C,-Cg, alkyl group, a C,-Cg, alkenyl group, a C,-Cq,
alkynyl group, a C,-Cq, alkoxy group, a C5-C,, cycloalkyl
group, a C,-C,, heterocycloalkyl group, a C;-C,, cycloalk-
enyl group, a C,-C,, heterocycloalkenyl group, a C4-Cq,
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aryl group, a C4-Cy, aryloxy group, a C4-C, arylthio group,
a C,-Cg, heteroaryl group, a C,-Cq, heteroaryloxy group, a
C,-Ce, heteroarylthio group, a monovalent non-aromatic
condensed polycyclic group, and a monovalent non-aro-
matic condensed heteropolycyclic group,

[0018] al, a4, and a5 may each independently be an
integer from 0 to 3, and

[0019] a2, a3, and a6 may each independently be an
integer from O to 4.

[0020] According to an aspect of another embodiment, a
composition may include at least one heterocyclic com-
pound represented by Formula 1.

[0021] According to an aspect of still another embodi-
ment, an organic light-emitting device may include:

[0022] a first electrode;
[0023] a second electrode; and
[0024] an organic layer disposed between the first elec-

trode and the second electrode,
[0025] wherein the organic layer includes an emission
layer and at least one heterocyclic compound.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the FIGURE,
which is a schematic cross-sectional view illustrating an
organic light-emitting device according to an embodiment.

DETAILED DESCRIPTION

[0027] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompany-
ing drawings, wherein like reference numerals refer to like
elements throughout. In this regard, the present embodi-
ments may have different forms and should not be construed
as being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by
referring to the figures, to explain aspects of the present
description. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items. Expressions such as “at least one of,” when preceding
a list of elements, modify the entire list of elements and do
not modify the individual elements of the list.

[0028] One or more embodiments of the inventive concept
of the present disclosure will now be described more fully
with reference to the accompanying drawings. In addition, in
the present specification and drawings, like reference
numerals in the drawings denote like elements, and thus,
their description will be omitted. In this regard, the present
embodiments may have different forms and should not be
construed as being limited to the descriptions set forth
herein. Accordingly, the embodiments are merely described
below, by referring to the figures, to explain aspects of the
present description. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. Expressions such as “at least one of,”
when preceding a list of elements, modify the entire list of
elements and do not modify the individual elements of the
list.

[0029] It will be understood that when an element is
referred to as being “on” another element, it can be directly
in contact with the other element or intervening elements
may be present therebetween. In contrast, when an element
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is referred to as being “directly on” another element, there
are no intervening elements present.

[0030] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers, and/or sections, these
elements, components, regions, layers, and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer, or
section from another element, component, region, layer, or
section. Thus, a first element, component, region, layer, or
section discussed below could be termed a second element,
component, region, layer, or section without departing from
the teachings of the present embodiments.

[0031] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the” are intended to include the plural forms as well,

unless the context clearly indicates otherwise.

[0032] The term “or” means “and/or.”” It will be further
understood that the terms “comprises” and/or “comprising,”
or “includes” and/or “including” when used in this specifi-
cation, specify the presence of stated features, regions,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, regions, integers, steps, operations, elements, com-
ponents, and/or groups thereof.

[0033] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this general inventive concept belongs. It will
be further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as having
a meaning that is consistent with their meaning in the
context of the relevant art and the present disclosure, and
will not be interpreted in an idealized or overly formal sense
unless expressly so defined herein.

[0034] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example,
of manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not
be construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated
in the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are
not intended to limit the scope of the present claims.

[0035] “About” or “approximately” as used herein is
inclusive of the stated value and means within an acceptable
range of deviation for the particular value as determined by
one of ordinary skill in the art, considering the measurement
in question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within+30%, 20%, 10%, 5% of the
stated value.

[0036] In an embodiment, a heterocyclic compound is
provided. The heterocyclic compound may be represented
by Formula 1:
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[0037] wherein, in Formula 1, X, to X,, may each inde-
pendently be C or N, and at least one selected from X, and
X, may be C and be bound to -(I,),,-A,.

[0038] For example, X, may be C and be bound to
-(L,)y-A,. For example, X, may be C and be bound to
(La)p-A;.

[0039] In some embodiments, at least one selected from
X, to X, may be N.

[0040] In some embodiments, X, to X,, may each be C.
[0041] In some embodiments, X, to X,, may each be C.
[0042] InFormulal,L, may be selected from a substituted
or unsubstituted C,-C,, alkylene group, a substituted or
unsubstituted C;-C,, cycloalkylene group, a substituted or
unsubstituted C5-Cg,, carbocyclic group, and a substituted or
unsubstituted C,-Cq, heterocyclic group.

[0043] In some embodiments, [, may be selected from a
phenylene group. a biphenylene group, a terphenylene
group, a tetraphenylene group, an indenylene group, a
naphthylene group, an acenaphthylene group, a fluorenylene
group, a spiro-bifluorenylene group, a phenanthrenyl group,
an anthracenylene group, a fluoranthrenylene group, a tri-
phenylenylene group, a pyrenylene group, a chrysenylene
group, a pyrrolylene group, an imidazolylene group, a
pyrazolylene group, a triazolylene group, a pyridinylene
group, a pyridazinylene group, a pyrimidinylene group, a
pyridazinylene group, a triazinylene group, a furanylene
group, a thienylene group, an oxazolylene group, an isox-
azolylene group, a thiazolylene group, an isothiazolylene
group, an oxadiazolylene group, an isoxadiazolylene group,
a thiadiazolylene group, an iso-thiadiazolylene group, a
pyranylene group, an imidazolylene group, a purinylene
group, a quinolinylene group, an isoquinolinylene group, a
benzoquinolinylene group, a phthalazinylene group, a naph-
thyridinylene group, a quinazolinylene group, a cinnoli-
nylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group,
a benzoxazinylene group, a benzothiazolylene group, ben-
zimidazolylene group, an isoindolinylene group, an indoli-
nylene group, a benzofuranylene group, a benzothiophe-
nylene group, a carbazolylene group, an azacarbazolylene
group, a dibenzofuranylene group, an azadibenzofuranylene
group, a dibenzothiophenylene group, an azadibenzothio-
phenylene group, a benzocarbazolylene group, a naph-
thobenzocarbazolylene group, a naphthobenzofuranylene
group, a naphthobenzothiophenylene group, an imidazopy-

Jun. 27,2019

Formula 1

Reas
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rimidinylene group, an imidazopyridinylene group, a meth-
ylene group, an ethylene group, a propylene group, an
iso-propylene group, a butylene group, a pentylene group, a
hexylene group, a cyclobutylene group, a cyclopentylene
group, and a cyclohexylene group; and

[0044] a phenylene group, a biphenylene group, a terphe-
nylene group, a tetraphenylene group, an indenylene group,
a naphthylene group, an acenaphthylene group, a fluore-
nylene group, a spiro-bifluorenylene group, a phenanthrenyl
group, an anthracenylene group, a fluoranthrenylene group,
a triphenylenylene group, a pyrenylene group, a chryse-
nylene group, a pyrrolylene group, an imidazolylene group,
a pyrazolylene group, a triazolylene group, a pyridinylene
group, a pyridazinylene group, a pyrimidinylene group, a
pyridazinylene group, a triazinylene group, a furanylene
group, a thienylene group, an oxazolylene group, an isox-
azolylene group, a thiazolylene group, an isothiazolylene
group, an oxadiazolylene group, an isoxadiazolylene group,
a thiadiazolylene group, an iso-thiadiazolylene group, a
pyranylene group, an imidazolylene group, a purinylene
group, a quinolinylene group, an isoquinolinylene group, a
benzoquinolinylene group, a phthalazinylene group, a naph-
thyridinylene group, a quinazolinylene group, a cinnoli-
nylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group,
a benzoxazinylene group, a benzothiazolylene group, ben-
zimidazolylene group, an isoindolinylene group, an indoli-
nylene group, a benzofuranylene group, a benzothiophe-
nylene group, a carbazolylene group, an azacarbazolylene
group, a dibenzofuranylene group, an azadibenzofuranylene
group, a dibenzothiophenylene group, an azadibenzothio-
phenylene group, a benzocarbazolylene group, a naph-
thobenzocarbazolylene group, a naphthobenzofuranylene
group, a naphthobenzothiophenylene group, an imidazopy-
rimidinylene group, an imidazopyridinylene group, a meth-
ylene group, an ethylene group, a propylene group, an
iso-propylene group, a butylene group, a pentylene group, a
hexylene group, a cyclobutylene group, a cyclopentylene
group, and a cyclohexylene group, each substituted with at
least one selected from deuterium, —F, —Cl, —Br, —I,
—CD,, —CD,H, —CDH,, —CF,, —CF,H, —CFH,, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
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thereof, a C,-Cy, alkyl group, a C,-Cq, alkenyl group, a
C,-Cg alkynyl group, a C,-Cg4, alkoxy group, a C;-C,
cycloalkyl group, a C,-C, , heterocycloalkyl group, a C;-C
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Cs-Ceo aryl group, a C-C, aryloxy group, a Cy-Co, arylthio
group, a C,-C, heteroaryl group, a monovalent non-aro-
matic condensed polycyclic group, and a monovalent non-
aromatic condensed heteropolycyclic group.

[0045] For example, L, may be selected from a phenylene
group, a fluorenylene group, a 9,9-diarylfluorenylene group,
a 9,9-dialkylfluorenylene group, a spirobifluorenylene
group, and a triphenylenylene group. In some embodiments,
when L, is a phenylene group, L, may be an m-phenylene
group or a p-phenylene group.

[0046] In some embodiments, L, may be a substituted or
unsubstituted heterocyclic group containing 5 to 60 ring-
forming atoms. When 1| is a substituted or unsubstituted
heterocyclic group containing 5 to 60 ring-forming atoms,
L, may be a substituted or unsubstituted condensed cyclic
group including O or S as a heteroatom and three or more
condensed rings, for example, a substituted or unsubstituted
dibenzofuranylene group or a substituted or unsubstituted
dibenzothiophenylene group.

[0047] InFormulal,L,andL,may eachindependently be
selected from a single bond, a substituted or unsubstituted
alkylene group, a substituted or unsubstituted C,-C,,
cycloalkylene group, a substituted or unsubstituted C5-Cy,
carbocyclic group, and a substituted or unsubstituted C,-Cy,
heterocyclic group.

[0048] In some embodiments, in Formula 1, L, and L,
may each independently be selected from a single bond, a
substituted or unsubstituted alkylene group, a substituted or
unsubstituted C,-C,, cycloalkylene group, a substituted or
unsubstituted C5-Cg, carbocyclic group, and a substituted or
unsubstituted C,-Cg, heterocyclic group.

[0049] In some embodiments, [, and [.; may each inde-
pendently be selected from a single bond, a phenylene
group, a biphenylene group, a terphenylene group, a tetra-
phenylene group, an indenylene group, a naphthylene group,
an acenaphthylene group, a fluorenylene group, a spiro-
bifluorenylene group, a phenanthrenyl group, an anthrace-
nylene group, a fluoranthrenylene group, a triphenylenylene
group, a pyrenylene group, a chrysenylene group, a pyrro-
lylene group, an imidazolylene group, a pyrazolylene group,
a triazolylene group, a pyridinylene group, a pyridazinylene
group, a pyrimidinylene group, a pyridazinylene group, a
triazinylene group, a furanylene group, a thienylene group,
an oxazolylene group, an isoxazolylene group, a thiaz-
olylene group, an isothiazolylene group, an oxadiazolylene
group, an isoxadiazolylene group, a thiadiazolylene group,
an iso-thiadiazolylene group, a pyranylene group, an imi-
dazolylene group, a purinylene group, a quinolinylene
group, an isoquinolinylene group, a benzoquinolinylene
group, a phthalazinylene group, a naphthyridinylene group,
a quinazolinylene group, a cinnolinylene group, a phenan-
thridinylene group, an acridinylene group, a phenanthroli-
nylene group, a phenazinylene group, a benzoxazinylene
group, a benzothiazolylene group, benzimidazolylene
group, an isoindolinylene group, an indolinylene group, a
benzofuranylene group, a benzothiophenylene group, a car-
bazolylene group, an azacarbazolylene group, a dibenzo-
furanylene group, an azadibenzofuranylene group, a diben-
zothiophenylene group, an azadibenzothiophenylene group,
a benzocarbazolylene group, a naphthobenzocarbazolylene
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group, a naphthobenzofuranylene group, a naphthobenzoth-
iophenylene group, an imidazopyrimidinylene group, an
imidazopyridinylene group, a methylene group, an ethylene
group, a propylene group, an iso-propylene group, a buty-
lene group, a pentylene group, a hexylene group, a cyclobu-
tylene group, a cyclopentylene group, and a cyclohexylene
group; and

[0050] a phenylene group, a biphenylene group, a terphe-
nylene group, a tetraphenylene group, an indenylene group,
a naphthylene group, an acenaphthylene group, a fluore-
nylene group, a spiro-bifluorenylene group, a phenanthrenyl
group, an anthracenylene group, a fluoranthrenylene group,
a triphenylenylene group, a pyrenylene group, a chryse-
nylene group, a pyrrolylene group, an imidazolylene group,
a pyrazolylene group, a triazolylene group, a pyridinylene
group, a pyridazinylene group, a pyrimidinylene group, a
pyridazinylene group, a triazinylene group, a furanylene
group, a thienylene group, an oxazolylene group, an isox-
azolylene group, a thiazolylene group, an isothiazolylene
group, an oxadiazolylene group, an isoxadiazolylene group,
a thiadiazolylene group, an iso-thiadiazolylene group, a
pyranylene group, an imidazolylene group, a purinylene
group, a quinolinylene group, an isoquinolinylene group, a
benzoquinolinylene group, a phthalazinylene group, a naph-
thyridinylene group, a quinazolinylene group, a cinnoli-
nylene group, a phenanthridinylene group, an acridinylene
group, a phenanthrolinylene group, a phenazinylene group,
a benzoxazinylene group, a benzothiazolylene group, ben-
zimidazolylene group, an isoindolinylene group, an indoli-
nylene group, a benzofuranylene group, a benzothiophe-
nylene group, a carbazolylene group, an azacarbazolylene
group, a dibenzofuranylene group, an azadibenzofuranylene
group, a dibenzothiophenylene group, an azadibenzothio-
phenylene group. a benzocarbazolylene group, a naph-
thobenzocarbazolylene group, a naphthobenzofuranylene
group, a naphthobenzothiophenylene group, an imidazopy-
rimidinylene group, an imidazopyridinylene group, a meth-
ylene group, an ethylene group, a propylene group, an
iso-propylene group, a butylene group, a pentylene group, a
hexylene group, a cyclobutylene group, a cyclopentylene
group, and a cyclohexylene group, each substituted with at
least one selected from deuterium, —F, —Cl, —Br, —I,
—CD,, —CD,H, —CDH,, —CF,, —CF,H, —CFH,, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-Cg, alkyl group, a C,-Cg, alkenyl group, a
C,-Cy, alkynyl group, a C,-C,, alkoxy group, a C;-C,,
cycloalkyl group, a C,-C,  heterocycloalkyl group, a C5-C
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
Ce-Cyo aryl group, a C-Cy, aryloxy group, a C4-Cy, arylthio
group, a C,-C,, heteroaryl group, a monovalent non-aro-
matic condensed polycyclic group, and a monovalent non-
aromatic condensed heteropolycyclic group.

[0051] Forexample, L, and [, may each independently be
selected from a phenylene group, a fluorenylene group, a
9,9-diarylfluorenylene group, a 9,9-dialkylfluorenylene
group, a spirobifluorenylene group, and a triphenylenylene
group. In some embodiments, when L, or L, is a phenylene
group, L, or L; may be an m-phenylene group or a p-phe-
nylene group.

[0052] In some embodiments, L, or L, may be a substi-
tuted or unsubstituted heterocyclic group containing 5 to 60
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ring-forming atoms. When L, or L, is a substituted or _continued
unsubstituted heterocyclic group containing 5 to 60 ring-

forming atoms, L, or L; may be a substituted or unsubsti-

tuted condensed cyclic group including O or S as a heteroa-

tom and three or more condensed rings, for example, a

substituted or unsubstituted dibenzofuranylene group or a

substituted or unsubstituted dibenzothiophenylene group.

[0053] Insome embodiments, [, to I.; may each indepen-
dently be selected from the following structures:
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-continued
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indicates a binding site to an adjacent atom.

[0054] In some embodiments, at least one selected from
L, to L, may be selected from a substituted or unsubstituted
C,-Cg, carbocyclic group, a heterocyclic group containing 5
to 60 ring-forming atoms and O or S as a heteroatom, and
a substituted or unsubstituted C;-Cg, cycloalkylene group.

[0055]

[0056]
1to 3.

In Formula 1, bl may be an integer from 1 to 5.

In some embodiments, bl may be an integer from
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[0057] In Formula 1, b2 and b3 may each independently
be an integer from 0 to 5.

[0058] In some embodiments, in Formula 1, b2 and b3
may each independently be an integer from 0 to 2.

[0059] In Formula 1, A, and A, may each independently
be selected from a substituted or unsubstituted C4-Cg, aryl
group, a substituted or unsubstituted C4-Cg, aryloxy group,
a substituted or unsubstituted C4-Cy, aryithio group, a sub-
stituted or unsubstituted C,-Cy,, heteroaryl group, a substi-
tuted or unsubstituted C,-Cg, heteroaryloxy group, a sub-
stituted or unsubstituted C,-Cg, heteroaryithio group, a
substituted or unsubstituted monovalent non-aromatic con-
densed polycyclic group, a substituted or unsubstituted
monovalent non-aromatic condensed heteropolycyclic
group, and a substituted or unsubstituted Cs-Cg,, heteroaryl
group, provided that at least one selected from A and A,
may be a Cs-Cg, heteroaryl group.

[0060] In some embodiments, A, and A, may each inde-
pendently be selected from a phenyl group, a biphenyl
group, a terphenyl group, a tetraphenyl group, an indenyl
group, a naphthyl group, an acenaphthyl group, a fluorenyl
group, a spirobifluorenyl group, a phenanthrenyl group, a
fluoranthenyl group, a triphenylene group, a pyrenyl group,
a chrysenyl group, a pyrrolyl group, an imidazolyl group, a
pyrazolyl group, a triazolyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyradizinyl group,
atriazinyl group, a furanyl group, a thienyl group, a oxazolyl
group, an isoxazolyl group, a thiazolyl group, an isothiazolyl
group, an oxadiazolyl group, an isoxadiazolyl group, a
thiadiazolyl group, an iso-thiadiazolyl group, a pyranyl
group, an indazolyl group, a purinyl group, a quinolinyl
group, an isoquinolinyl group, a benzoquinolinyl group, a
phthalazinyl group, a naphthyridinyl group, a quinoxalinyl
group, a quinazolinyl group, a cinnolinyl group, a phenan-
thridinyl group, an acridiny! group, a phenanthrolinyl group,
a phenazinyl group, a benzoxazolyl group, a benzothiazolyl
group, a benzimidazolyl group, an isoindolyl group, an
indolyl group, a benzofuranyl group, a benzothiophenyl
group, a carbazolyl group, a dibenzofuranyl group, a diben-
zothiophenyl group. an azadibenzofuranyl group, a diaz-
abenzofuranyl group, an azadibenzothiophenyl group, a
diazabenzothiophenyl group, a benzocarbazolyl group, a
naphthobenzofuranyl group, a naphthobenzothiophenyl
group, an imidazopyrimidinyl group, and an imidazopyridi-
nyl group; and

[0061] a phenyl group, a biphenyl group, a terphenyl
group, a tetraphenyl group, an indenyl group, a naphthyl
group, an acenaphthyl group, a fluorenyl group, a spirobif-
luorenyl group, a phenanthranelyne group, a fluoranthenyl
group, a triphenylene group, a pyrenyl group, a chrysenyl
group, a pyrrolyl group, an imidazolyl group, a pyrazolyl
group, a triazolyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyradizinyl group, a triazinyl
group, a furanyl group, a thienyl group, an oxazolyl group,
an isoxazolyl group, a thiazolyl group, an isothiazolyl group,
an oxadiazolyl group, an isoxadiazolyl group, a thiadiazolyl
group, an iso-thiadiazolyl group, a pyranyl group, an inda-
zolyl group, a purinyl group, a quinolinyl group, an isoqui-
nolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group, a benzoxazolyl group, a benzothiazolyl
group, a benzimidazolyl group, an isoindolyl group, an
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indolyl group, a benzofuranyl group, a benzothiophenyl
group, a carbazolyl group, a dibenzofuranyl group, a diben-
zothiophenyl group, an azadibenzofuranyl group, a diaz-
abenzofuranyl group, an azadibenzothiophenyl group, a
diazabenzothiophenyl group, a benzocarbazolyl group, a
naphthobenzofuranyl group, a naphthobenzothiophenyl
group, an imidazopyrimidinyl group, and an imidazopyridi-
nyl group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, —CD,, —CD,H, —CDH,,
—CF,, —CF,H, —CFH,, a hydroxy!l group, a cyano group,
a nitro group, an amino group, an amidino group, a hydra-
zine group, a hydrazone group, a carboxylic acid group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-C, alkyl group,
a C,-Cg, alkenyl group, a C,-Cy, alkynyl group, a C,-Cq,
alkoxy group, a C;-C,, cycloalkyl group, a C,-C,, hetero-
cycloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C,-Cy, aryl group, a C,-Cg,
aryloxy group, a C4-Cy, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group, and

[0062] at least one selected from A, and A, may be
selected from a pyrrolyl group, an imidazolyl group, a
pyrazolyl group, a triazolyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, a pyradizinyl group,
a triazinyl group, a furanyl group, a thienyl group, an
oxazolyl group, an isoxazolyl group, a thiazolyl group, an
isothiazolyl group, an oxadiazolyl group, an isoxadiazolyl
group, a thiadiazolyl group, an isothiadiazolyl group, a
pyranyl group, an indazolyl group, a purinyl group, a
quinolinyl group, an isoquinolinyl group, a benzoquinolinyl
group, a phthalazinyl group, a naphthyridinyl group, a
quinoxalinyl group, a quinazolinyl group, a cinnolinyl
group, a phenanthridinyl group, an acridinyl group, a
phenanthrolinyl group, a phenazinyl group, a benzoxazolyl
group, a benzothiazolyl group, a benzimidazolyl group, an
isoindolyl group, an indolyl group, a benzofuranyl group, a
benzothiophenyl group, a carbazolyl group, a dibenzofura-
nyl group, a dibenzothiophenyl group, an azadibenzofuranyl
group, a diazabenzofuranyl group, an azadibenzothiophenyl
group, a diazabenzothiophenyl group, a benzocarbazolyl
group, a naphthobenzofuranyl group, a naphthobenzothio-
phenyl group, an imidazopyrimidinyl group, and an imida-
zopyridinyl group; and

[0063] a pyrrolyl group, an imidazolyl group, a pyrazolyl
group, a triazolyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, a pyradizinyl group, a triazinyl
group, a furanyl group, a thienyl group, an oxazolyl group,
an isoxazolyl group, a thiazolyl group, an isothiazolyl group,
an oxadiazolyl group, an isoxadiazolyl group, a thiadiazolyl
group, an iso-thiadiazolyl group, a pyranyl group, an inda-
zolyl group, a purinyl group, a quinolinyl group, an isoqui-
nolinyl group, a benzoquinolinyl group, a phthalazinyl
group, a naphthyridinyl group, a quinoxalinyl group, a
quinazolinyl group, a cinnolinyl group, a phenanthridinyl
group, an acridinyl group, a phenanthrolinyl group, a
phenazinyl group, a benzoxazolyl group, a benzothiazolyl
group, a benzimidazolyl group, an isoindolyl group, an
indolyl group, a benzofuranyl group, a benzothiophenyl
group, a carbazolyl group, a dibenzofuranyl group, a diben-
zothiophenyl group, an azadibenzofuranyl group, a diaz-
abenzofuranyl group, an azadibenzothiophenyl group, a
diazabenzothiophenyl group, a benzocarbazolyl group, a
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naphthobenzofuranyl group, a naphthobenzothiophenyl
group, an imidazopyrimidinyl group, and an imidazopyridi-
nyl group, each substituted with at least one selected from
deuterium, —F, —Cl, —Br, —I, —CD,, —CD,H, —CDH,,
—CF,, —CF,H, —CFH,, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, a hydra-
zine group, a hydrazone group, a carboxylic acid group or a
salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C, -C, alkyl group,
a C,-Cq, alkenyl group, a C,-Cq, alkynyl group, a C,-Cq,
alkoxy group, a C,-C,, cycloalkyl group, a C,-C,, hetero-
cycloalkyl group, a C5-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a C,-Cy, aryl group, a C4-Co,
aryioxy group, a C4-Cg, aryithio group, a C,-C, heteroaryl
group, a C,-Cg, heteroaryloxy group, a C,-C, heteroaryl-
thio group, a monovalent non-aromatic condensed polycy-
clic group, and a monovalent non-aromatic condensed het-
eropolycyclic group.

[0064] In some embodiments, at least one selected from
A, and A, may be selected from Formulae 5-1 to 5-25:
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[0065] In some embodiments, A; and A, may each inde-
pendently be selected from Formulae 5-1 to 5-25.

[0066] In some embodiments, A, may be selected from
Formulae 5-1 to 5-11.

[0067] In some embodiments, A, may be selected from
Formulae 5-12 to 5-25.

[0068] InFormulal, R, to R4 may each independently be
selected from hydrogen, deuterium, —F, —Cl, —Br, —I,
—CD,, —CD,H, —CDH,, —CF;, —CF,H, —CFH,, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, a hydrazine group, a hydrazone
group, a carboxylic acid group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-Cy, alkyl group, a C,-Cq, alkenyl group, a
C,-Cg, alkynyl group, a C,-Cq4, alkoxy group, a C,-C,
cycloalkyl group, a C, -C,  heterocycloalkyl group, a C5-C
cycloalkenyl group, a C,-C,, heterocycloalkenyl group, a
C4-Cgo aryl group, a C,-C,, aryloxy group, a C,-Cy, arylthio
group, a C,-Cg, heteroaryl group, a C,-C, heteroaryloxy
group, a C,-Cg, heteroarylthio group, a monovalent non-
aromatic condensed polycyclic group, and a monovalent
non-aromatic condensed heteropolycyclic group.

[0069] Insome embodiments, R, to Ry may each indepen-
dently be selected from hydrogen, —F, —Br, a substituted
or unsubstituted C,-C,, alkyl group, a substituted or unsub-
stituted C5-Cy, cycloalkyl group, a substituted or unsubsti-
tuted C;-Cg, heterocycloalkyl group, a substituted or unsub-
stituted C¢-Cgq aryl group, a C,-Cgq, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycyclic
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group, an ethyl group, an n-propyl group, an iso-propyl
group, an n-butyl group, an iso-butyl group, a sec-butyl
group, a tert-butyl group, an n-pentyl group, an iso-pentyl
group, a tert-pentyl group, a neopentyl group, a 1,2-dimeth-
ylpropyl group, an n-hexyl group, an iso-hexyl group, a
1,3-dimethylbutyl group, a 1-iso-propylpropyl group, a 1,2-
dimethylbutyl group, a cyclopentyl group, a cyclohexyl
group, a cycloheptyl group, a phenyl group, a naphthyl
group, an anthracenyl group, a phenanthrenyl group, a
pyrenyl group, a chrysenyl group, a triphenylenyl group, a
fluorenyl group, a pyridinyl group, a pyrimidinyl group, a
pyrazinyl group, a pyridazinyl group, a triazinyl group, a
quinolinyl group, a quinazolinyl group, a quinoxalinyl
group, an isoquinolinyl group, a carbazolyl group, a diben-
zofuranyl group, a dibenzothiophenyl group, a biphenyl
group, and a terpheny! group.

[0071] Insome embodiments, R, to Ry may each indepen-
dently be selected from hydrogen, —F, —Cl, —Br, —I, a
substituted or unsubstituted C4-Cy, aryl group, a substituted
or unsubstituted C,-C,, alkyl group, and a substituted or
unsubstituted C,-Cg, heterocycloalkyl group.

[0072] In Formula 1, al, a4, and a5 may each indepen-
dently be an integer from 0 to 3.

[0073] In some embodiments, al, a4, and a5 may each
independently be an integer from 1 to 3.

[0074] In Formula 1, a2, a3, and a6 may each indepen-
dently be an integer from 0 to 4.

[0075] In some embodiments, a2 and a3 may each inde-
pendently be an integer from 1 to 4. In some embodiments,
a6 may be an integer from 1 to 4.

group. [0076] In some embodiments, the heterocyclic compound
[0070] For example, R, to R may each independently be represented by Formula 1 may be represented by Formula
selected from hydrogen, —F, —Cl, —Br, —I, a methyl 1A or Formula 1B:
Formula 1A
(Ré)aé
B¢
Y% ZZ\Y23
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[0077] wherein, in Formulae 1A and 1B,

[0078] Y, toY,, may each independently be selected from
N and C,

[0079] L,toL;,A,A, b, tob,,R, toR,, andal to a6 may

each be understood by referring to the description thereof

provided herein.

[0080] In some embodiments, in Formulae 1A and 1B, at
least one selected from Y, to Y, may be N.

[0081] Insome embodiments, in Formulae 1A and 1B, Y,
to Y,, may each be C.

[0082] Insome embodiments, in Formulae 1A and 1B, Y,
to Y,, may each be C.

[0083] In some embodiments, the heterocyclic compound

represented by Formula 1 may be represented by Formula
10:
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[0091]
the description of R, provided herein.

[0092] In some embodiments, R, to R;5, Ry, Ryo, Ryy,
R;;, Ry, Ry, Ry, 10 Ry, Ry; 1o Ry;, and Ry, to Ry, may
each be hydrogen.

[0093]
group, a cyclohexyl group, a cycloheptyl group, a phenyl

R¢, to Ry, may each be understood by referring to

R, may be selected from hydrogen, a cyclopentyl

group, a naphthyl group, an anthracenyl group, a phenan-
threnyl group, a pyrenyl group, a chrysenyl group, a triph-
enylenyl group, a fluorenyl group, a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, a pyridazinyl group,
a triazinyl group, a quinolinyl group, a quinazolinyl group,
a quinoxalinyl group, an isoquinolinyl group, a carbazolyl
group, a dibenzofuranyl group, a dibenzothiophenyl group,
a biphenyl group, and a terphenyl group, and

Formula 10

[0084] wherein, in Formula 10,
[0085] L, to L, A, A,, and b, to by may each be under-

stood by referring to the description thereof provided herein,

[0086] R, to R ; may each be understood by referring to
the description of R, provided herein,
[0087] R, to R,, may each be understood by referring to
the description of R, provided herein,
[0088] R, to R, may each be understood by referring to
the description of R; provided herein,
[0089] R, to R,; may each be understood by referring to
the description of R, provided herein,
[0090] R, to Ry; may each be understood by referring to

the description of Rg provided herein, and

[0094]
cyclohexyl group, a cycloheptyl group, a phenyl group, a

R, may be selected from a cyclopentyl group, a

naphthyl group, an anthracenyl group, a phenanthrenyl
group, a pyrenyl group, a chrysenyl group, a triphenylenyl
group, a fluoreny! group, a pyridinyl group, a pyrimidinyl
group, a pyrazinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, a quinazolinyl group, a quinox-
alinyl group, an isoquinolinyl group, a carbazolyl group, a
dibenzofuranyl group, a dibenzothiophenyl group, a biphe-
nyl group, and a terphenyl group.

[0095]

represented by Formula 1 may be selected from Compounds

In some embodiments, the heterocyclic compound

1 to 36, but embodiments are not limited thereto:
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[0096] An organic light-emitting device may include an
organic layer including an emission layer, wherein the
organic layer may include a stacked structure of, for
example, a hole injection layer, a hole transport layer, an
emission layer, an electron transport layer, and an electron
injection layer. Deposition or coating methods are widely
known as a method of forming such an organic layer. Among
these methods, when a coating method (solution coating,
also known as wet layer coating) is used, manufacture of a
device of a large area may be possible with a low cost. Thus,
a high productivity may be expected. However, when a
coating method is used, a material for forming an organic
layer is required to have solubility in a solvent and durability
in drying a coating liquid.

[0097] Also, a device in which an emission layer is formed
by using a coating method may tend to have a low current
efficiency and short emission lifespan in general, as com-
pared with a device in which an emission layer is formed by
using deposition. This may be because materials of layers
formed by coating may easily transfer to adjacent layers via
interfaces, thus deteriorating performances of each layer.

[0098] The heterocyclic compound according to one or
more embodiments, as shown in Formula 1, may be a
compound, in which two carbazoles may be directly con-
nected to each other, including at least one carbazole or
azacarbazole having an N-substituted core, to which at least
one heterocyclic group may be further substituted. Accord-
ingly, the heterocyclic compound may be used in manufac-
ture of an organic light-emitting device and may provide a
high performance device which may exhibit high current
efficiency and long lifespan.

[0099] While not wishing to be bound by theory, it is
understood that as the heterocyclic compound has a rela-
tively high molecular weight due to the structure represented
by Formula 1, transfer of materials at an adjacent interfaces
may be prevented.

[0100] For example, when the heterocyclic compound is
used in forming an emission layer of an organic layer of an
organic light-emitting device, transfer of emission layer
materials at an interface between the emission layer and a
hole transport layer may be prevented. For example, when
the heterocyclic compound is used in forming an organic
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layer other than an emission layer, e.g., a hole transport
layer, transfer of materials at an interface between the hole
transport layer and the emission layer and/or a hole injection
layer may be prevented. As such, when the heterocyclic
compound is used in forming each layer, transfer of mate-
rials at adjacent layers may be prevented, thereby stably
maintaining a function of each layer. Thus, an organic
light-emitting device having a high efficiency and long
lifespan may be provided.

[0101] In some embodiments, the heterocyclic compound
represented by Formula 1 may have a molecular weight in
a range of about 1,000 Daltons (Da) to about 3,000 Da. In
some embodiments, the heterocyclic compound represented
by Formula 1 may have a molecular weight of about 1,000
Da or greater and less than about 3,000 Da. In some
embodiments, the heterocyclic compound represented by
Formula 1 may have a molecular weight of about 1,000 Da
or greater and less than about 2,500 Da. In some embodi-
ments, the heterocyclic compound represented by Formula 1
may have a molecular weight of about 1,000 Da or greater
and less than about 2,000 Da. In some embodiments, the
heterocyclic compound represented by Formula 1 may have
a molecular weight of about 1,200 Da or greater and less
than about 1,800 Da.

[0102] As the heterocyclic compound has a molecular
weight range as described above, the heterocyclic compound
has a relatively high molecular weight, and a size of the
heterocyclic compound is relatively large such that transfer
of molecules between adjacent interfaces may be prevented.
Accordingly, functions of a layer including the heterocyclic
compound and another layer adjacent thereto may be stably
maintained. In particular, when the heterocyclic compound
is used as a host material in an emission layer, transfer of
materials at an interface between the emission layer and a
hole transport layer may be prevented. Thus, an organic
light-emitting device having an excellent current efficiency
and emission lifespan may be provided.

[0103] In some embodiments, a composition for an
organic light-emitting device may include at least one het-
erocyclic compound represented by Formula 1.

[0104] In some embodiments, the composition for an
organic light-emitting device may further include a solvent,
and a content of the heterocyclic compound in the compo-
sition for an organic light-emitting device may be 0.01
percent by mass (mass %) or greater.

[0105] Organic Light-Emitting Device

[0106] Hereinafter, with reference to the FIGURE, an
embodiment of an organic light-emitting device will be
described in detail. The FIGURE is a schematic view of an
organic light-emitting device according to an embodiment.
[0107] An organic light-emitting device 100 according to
an example embodiment may include a substrate 110, a first
electrode 120 on the substrate 110, a hole injection layer 130
on the first electrode 120, a hole transport layer 140 on the
hole injection layer 130, an emission layer 150 on the hole
transport layer 140, an electron transport layer 160 on the
emission layer 150, an electron injection layer 170 on the
electron transport layer 160, and a second electrode 180 on
the electron injection layer 170.

[0108] In the organic light-emitting device 100, the het-
erocyclic compound represented by Formula 1 may be, for
example, included in at least one organic layer (e.g., at least
one organic layer selected from the hole injection layer 130,
the hole transport layer 140, the emission layer 150, the
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electron transport layer 160, and the electron injection layer
170 between the first electrode 120 and the second electrode
180. In some embodiments, the heterocyclic compound
represented by Formula 1 may be included in the emission
layer 150 as a hole transport host. In some embodiments, the
heterocyclic compound represented by Formula 1 may be
included in an organic layer other than the emission layer
150. For example, the heterocyclic compound represented
by Formula 1 may be included in the hole injection layer 130
and/or the hole transport layer as a hole transport material.

[0109] The term “organic layer” as used herein refers to a
single and/or a plurality of layers between the first electrode
and the second electrode in an organic light-emitting device.
The “organic layer” may include not only organic com-
pounds but also organometallic compounds including met-
als.

[0110] As used herein, the expression “(for example, the
organic layer) including at least one heterocyclic com-
pound” means that “(the organic layer) including a hetero-
cyclic compound represented by Formula 1, or at least two
different heterocyclic compounds represented by Formula
17.

[0111] For example, the organic layer may include Com-
pound 1 only as the heterocyclic compound. In this embodi-
ment, Compound 1 may be included in the emission layer of
the organic light-emitting device. In some embodiments,
Compounds 1 and 2 may be included in the organic layer as
the heterocyclic compounds. In this embodiment, Com-
pounds 1 and 2 may both be included in the same layer (for
example, both Compounds 1 and 2 may be included in the
emission layer).

[0112] The substrate 110 may be any suitable substrate
generally used in organic light-emitting devices. For
example, the substrate 110 may be a glass substrate, a silicon
substrate, or a transparent plastic substrate having excellent
mechanical strength, thermal stability, transparency, surface
smoothness, ease of handling, and water repellency, but
embodiments are not limited thereto.

[0113] The first electrode 120 may be formed on the
substrate 110. The first electrode 120 may be an anode, and
be formed of a material with a relatively high work function
selected from a metal, an alloy, or a conductive compound,
for facilitating hole injection. The first electrode 120 may be
a reflective electrode, a semi-transmissive electrode, or a
transmissive electrode. The first electrode 120 may have a
single-layered structure or a multi-layered structure includ-
ing a plurality of layers. For example, the first electrode 120
may be a transparent electrode formed of indium tin oxide
(ITO), indium zine oxide (IZ0), tin oxide (SnO,), zinc oxide
(ZnO) having excellent transparency and conductivity. The
first electrode 120 may be a reflective electrode that may be
formed by stacking magnesium (Mg), aluminum (Al) alu-
minum-lithium (Al—Li), calcium (Ca), magnesium-indium
(Mg—In), magnesium-silver (Mg—Ag) on the transparent
electrode. For example, the first electrode 120 may have a
triple-layer structure of ITO/Ag/ITO, but embodiments are
not limited thereto.

[0114] A hole transport region may be formed on the first
electrode 120.
[0115] The hole transport region may include at least one

selected from the hole injection layer 130, the hole transport
layer 140, an electron blocking layer (not shown), and a
buffer layer (not shown).



US 2019/0198770 A1

[0116] The hole transport region may include the hole
injection layer 130 only or the hole transport layer 140 only.
In some embodiments, the hole transport region may include
a hole injection layer and a hole transport layer which are
sequentially stacked on the first electrode 120. In some
embodiments, the hole transport region may include a hole
injection layer, a hole transport layer, and an electron
blocking layer, which are sequentially stacked on the first
electrode 11.

[0117] The hole injection layer 130 may include, for
example, at least one selected from poly(ether ketone)-
containing triphenylamine (TPAPEK), 4-iso-propyl-4'-
methyl diphenyl iodonium tetrakis (pentafluorophenyl)
borate (PPBI), N,N'-diphenyl-N,N'-bis-[4-(phenyl-m-tolyl-
amino)-phenyl|-biphenyl-4,4'-diamine (DNTPD), copper
phthalocyanine, 4,4',4"-tris(3-methylphenyl phenyl amino)
triphenylamine (m-MTDATA), N,N'-di(1-naphthyl)-N,N'-
diphenylbenzidine (NPB), 4,4',4"-tris (diphenyl amino) tri-
phenylamine (TDATA), 4,4',4"-tris(N,N-2-naphthyl phenyl
amino) triphenylamine (2-TNATA), polyaniline/dodecyl-

-
OO0 0T
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benzene sulfonic acid (PANI/DBSA), poly(3,4-ethylenedi-
oxythiophene)/poly(4-styrene  sulfonate (PEDOT/PSS),
polyaniline/10-camphor sulfonic acid (PANI/CSA), and
polyaniline/poly(4-styrene sulfonate (PANI/PSS).

[0118] The hole injection layer 130 may be formed to a
thickness of about 10 nanometers (nm) to about 1,000 nm,
for example, about to a thickness of about 10 nm to about
100 nm.

[0119] The hole transport layer may include, for example,
at least one selected from carbazole derivatives, e.g., 1,1-
bis[(di-4-tolylamino)phenyl] cyclohexane (TAPC), N-phe-
nylcarbazole, and polyvinylcarbazole, N,N'-bis(3-methyl-
phenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD),
44" 4"-tris(N-carbazolyl) triphenylamine (TCTA), N,N'-di
(1-naphthyl)-N,N'-diphenylbenzidine (NPB), and poly(9,9-
dioctyl-fluorene-co-N-(4-butylphenyl)-diphenylamine
(TFB).

[0120] Insome embodiments, the hole transport layer 140
may include at least one selected from Compound P-1, an
amine group-containing polymer similar with Compound
P-1, and Compound FA-14:

P-1

FA-14
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[0121] The hole transport layer 140 may be formed to a
thickness of about 10 nm to about 1,000 nm, for example,
about to a thickness of about 10 nm to about 150 nm.
[0122] The hole transport region may include a charge
generating material as well as the aforementioned materials,
to improve conductive properties of the hole transport
region. The charge generating material may be substantially
homogeneously or non-homogeneously dispersed in the
hole transport region.

[0123] The charge generating material may include, for
example, a p-dopant. The p-dopant may include one of a
quinone derivative, a metal oxide, and a compound contain-
ing a cyano group, but embodiments are not limited thereto.
For example, non-limiting examples of the p-dopant include
a quinone derivative, such as tetracyanoquinodimethane
(TCNQ) or 2,3,5,6-tetrafluoro-tetracyano-1,4-benzoqui-
nonedimethane (F4-TCNQ); a metal oxide, such as a tung-
sten oxide or a molybdenum oxide; and a compound con-
taining a cyano group, such as Compound HT-D1 or
Compound HT-D2, but embodiments are not limited thereto:

CN

HT-D2

[0124] When the hole transport region includes a buffer
layer, a material for forming the buffer layer may be selected
from the materials for forming a hole transport region and
host materials described herein, but embodiments are not
limited thereto.
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[0125] When the hole transport region includes an electron
blocking layer, a material for forming the electron blocking
layer may be selected from the materials for forming a hole
transport region and host materials described herein, but
embodiments are not limited thereto. In some embodiments,
when the hole transport region includes an electron blocking
layer, mCP may be used for forming the electron blocking
layer.

[0126] The emission layer 150 may be formed on the hole
transport region. The emission layer 150 may emit light by
fluorescence or phosphorescence. The emission layer 150
may include a host and/or a dopant, and the host may include
the heterocyclic compound represented by Formula 1. The
emission layer 150 may include a known host material and
a known dopant material.

[0127] In some embodiments, the host may include tris
(8-quinolinato)aluminum (Alg;), 4,4'-bis(carbazol-9-yl)bi-
phenyl (CBP), poly(n-vinylcarbazole (PVK), 9,10-di(naph-
thaleneyl)anthracene  (ADN), 4,4',4"-tris(N-carbazolyl)
triphenylamine (TCTA), 1,3,5-tris(N-phenyl-benzimidazol-
2-yl)benzene  (TPBi)  3-tert-butyl-9,10-di(naphth-2-yI)
anthracene (TBADN), distyrylarylene (DSA), and 4,4'-bis
(9-carbazole)-2,2'-dimethyl-biphenyl (dmCBP),  but
embodiments are not limited thereto.

[0128] In some embodiments, the dopant may include
perylene and a derivative thereof, rubrene and a derivative
thereof, coumarin and a derivative thereof, 4-dicyanometh-
ylene-2-(p-dimethylaminostyryl)-6-methyl-4H-pyran
(DCM) and a derivative thereof, an iridium complex, e.g.,
bis[2-(4,6-difluorophenyl)pyridinate]  picolinate iridium
(1)  (Flrpic), bis(1-phenylisoquinoline)(acetylacetonate)
iridium (I1T) (Ir(piq),(acac)), tris(2-phenylpyridine) iridium
M) (Ir(ppy)s), tris(2-(3-p-xylyl)phenyl)pyridine iridium
(1II)) (dopant), and the like, an osmium complex, and a
platinum complex, but embodiments are not limited thereto.
[0129] When the emission layer includes the host and the
dopant, an amount of the dopant may be selected from a
range of about 0.01 parts to about 15 parts by weight based
on about 100 parts by weight of the host, but embodiments
are not limited thereto.

[0130] The emission layer 150 may be formed to a thick-
ness in a range of about 10 nm to about 60 nm.

[0131] When the organic light-emitting device 10 is a
full-color organic light-emitting device, the emission layer
may be patterned into a red emission layer, a green emission
layer, and a blue emission layer. In some embodiments, the
emission layer may have a structure in which the red
emission layer, the green emission layer, and/or the blue
emission layer are layered to emit white light. In some
embodiments, the structure of the emission layer may vary.

[0132] Then, an electron transport region may be on the
emission layer 150.

[0133] The electron transport region may include at least
one selected from a hole blocking layer (not shown), the
electron transport layer 160, and the electron injection layer
170.

[0134] Insome embodiments, the electron transport region
may have a hole blocking layer/an electron transport layer/
an electron injection layer structure or an electron transport
layer/an electron injection layer structure, but embodiments
are not limited thereto. The electron transport layer may
have a single-layered structure or a multi-layered structure
including two or more different materials.
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[0135] For example, in order to prevent diffusion of exci-
tons or holes to the electron transport layer 160, the organic
light-emitting device 100 may include a hole blocking layer
between the electron transport layer 160 and the emission
layer 150. The hole blocking layer may include, for
example, at least one selected from an oxadiazole derivative,
a triazole derivative, BCP, Bphen, and BAlq, but embodi-
ments are not limited thereto:

BCP

[0136] The thickness of the hole blocking layer may be in
a range of about 20 A to about 1,000 A, and in some
embodiments, about 30 A to about 300 A. While not wishing
to be bound by theory, it is understood that when the
thickness of the hole blocking layer is within any of these
ranges, excellent hole blocking characteristics may be
obtained without a substantial increase in driving voltage.
[0137] The electron transport layer 160 may include tris
(8-quinolinato) aluminum (Alg;); BAlq; a compound
including pyridine ring, e.g., 1,3,5-tri[(3-pyridyl)-phen-3-y1]
benzene); a compound including a triazine ring, e.g., 2,4,6-
tris(3'-(pyridin-3-y1)biphenyl-3-y1)-1,3,5-triazine); a com-
pound including an imidazole ring, e.g., 2-(4-(N-
phenylbenzimidazolyl-1-yl-phenyl)-9,10-
dinaphthylanthracene; a compound including a triazole ring,
e.g., TAZ and NTAZ; 1,3,5-tris(N-phenyl-benzimidazol-2-
Abenzene (TPBi), BCP, Bphen, and the like:

=

XN

Al
< o
Algs
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-continued

BAlq

TAZ

N—N

[\

NTAZ

[0138] The electron transport layer 160 may include com-
mercially available products such as KLET-01, KLET-02,

KLET-03, KLET-10, or KLET-M1 (available from
Chemipro Kasei).
[0139] The eclectron transport layer 160 may further

include a material containing metal, in addition to the
materials described above.

[0140] The material containing metal may include a Li
complex. The Li complex may include, e.g., Compound
ET-D1 (lithium 8-hydroxyquinolate, LiQ) or Compound
ET-D2:

ET-D1
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-continued
ET-D2

[0141] The electron transport layer 160 may be, for
example, formed to a thickness in a range of about 15 nm to
about 50 nm.

[0142] The electron injection layer 170 may be formed on
the electron transport layer 160.

[0143] For example, the electron injection layer 170 may
include a lithium compound, e.g., (8-hydroxyquinolinato)
lithium (LiQ) and lithium fluoride (LiF), sodium chloride
(NaCl), cesium fluoride (CsF), lithium oxide (Li,O), or
barium oxide (BaO).

[0144] In some embodiments, the electron injection layer
170 may be formed to a thickness in a range of about 0.3 nm
to about 9 nm.

[0145] The second electrode 180 may be formed on the
electron injection layer 170. The second electrode 180 may
be a cathode, and be formed of a material with a relatively
low work function selected from a metal, an alloy, an
electrically conductive compound, a mixture thereof. For
example, the second electrode 180 may be formed as a
reflective electrode including a metal, e.g., lithium (L),
magnesium (Mg), aluminum (Al), or calcium (Ca), or an
alloy, e.g., an aluminum-lithium (Al—Li) alloy, a magne-
sium-indium (Mg—In) alloy, or a magnesium-silver (Mg—
Ag) alloy. In some embodiments, the second electrode 180
may be formed as a transparent electrode having a thickness
of 20 nm or less and including a thin film of the metal or the
alloy, or a transparent conductive film including indium tin
oxide (1,0,—Sn0,) or indium zinc oxide (In,O,—7Zn0).

[0146] Furthermore, a stacking structure of the organic
light-emitting device 100 according to an embodiment is not
limited to the foregoing description. The organic light-
emitting device 100 according to an embodiment may have
a different stacking structure known in the art. For example,
the organic light-emitting device 100 may not include at
least one selected from the hole injection layer 130, the hole
transport layer 140, the electron transport layer 160, and the
electron injection layer 170 or may further include another
layer. In some embodiments, each layer of the organic
light-emitting device 100 may be formed as a single layer or
as multiple layers.

[0147] Methods of forming each layer of the organic
light-emitting device 100 according to one or more embodi-
ments are not particularly limited. For example, vacuum-
deposition, solution coating, Langmuir-Blodgett (LB) depo-
sition may be used in forming each layer thereof.

[0148] The solution coating may include spin coating,
casting, micro-gravure coating, gravure coating, bar coating,
roll coating, wire bar coating, dip coating, spray coating,
screen printing, flexographic printing, offset printing, or
ink-jet printing.
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[0149] The solvent used in the solution coating may
include toluene, xylene, diethyl ether, chloroform, ethyl
acetate, dichloromethane, tetrahydrofuran, acetone, acetoni-
trile, N,N-dimethyl form amide, dimethyl sulfoxide, anisole,
hexamethylphosphoric acid triamide, 1,2-dichloroethane,
1,1,2-trichloroethane, chlorobenzene, o-dichlorobenzene,
dioxane, cyclohexane, n-pentane, n-hexane, n-heptane,
n-octane, n-nonane, n-decane, methyl ethyl ketone, cyclo-
hexanone, butyl acetate, ethyl cellosolve acetate, ethylene
glycol, ethylene glycol monobutyl ether, ethylene glycol
monoethyl ether, ethylene glycol monomethyl ether, dime-
thoxy ethane, propylene glycol, diethoxy methane, triethyl-
ene glycol monoethyl ether, glycerine, 1,2-hexanediol,
methanol, ethanol, propanol, iso-propanol. cyclohexanol,
and N-methyl-2-pyrrolidone. However, the solvent is not
particularly limited. Any suitable solvent that may dissolve
materials for forming each layer may be used.

[0150] In consideration of coatability or the like, a con-
centration of the composition may be about 0.1 percent by
weight (weight %) or greater and 10 weight % or less, for
example, about 0.5 weight % or greater and 5 weight % or
less, but embodiments are not limited thereto,

[0151] The vacuum deposition may be performed at a
deposition temperature in a range of about 100° C. to about
500° C., at a vacuum degree in a range of about 10~ torr to
about 10 torr, and at a deposition rate in a range of about
0.01 Angstroms per second (A/sec) to about 100 Asec,
though the conditions may vary depending on a compound
that is used and a structure and thermal properties of a
desired layer.

[0152] In some embodiments, the first electrode 120 may
be an anode, and the second electrode 180 may be a cathode.
[0153] For example, the first electrode 120 may be an
anode, the second electrode 180 may be a cathode, and an
organic layer may include the emission layer 150 disposed
between the first electrode 120 and the second electrode 180
and may further include a hole transport region disposed
between the first electrode 120 and the emission layer 150
and an electron transport region disposed between the emis-
sion layer 150 and the second electrode 180, wherein the
hole transport region may include at least one selected from
the hole injection layer 130, the hole transport layer 140, a
buffer layer, and an electron blocking layer, and the electron
transport region may include at least one selected from a
hole blocking layer, the electron transport layer 160, and the
electron injection layer 170.

[0154] In some embodiments, the first electrode 120 may
be a cathode, and the second electrode 180 may be an anode.
[0155] Hereinbefore the organic light-emitting device 10
has been described with reference to the FIGURE, but
embodiments are not limited thereto.

[0156] General Definitions of Substituents

[0157] The term “X and Y may each independently” as
used herein may refer to a case when X may be identical to
or different from Y.

[0158] The term “substituted” as used herein refers to that
a hydrogen atom in a substituent such as R;; may be
substituted with another substituent.

[0159] The term “C,-Cg, alkyl group” as used herein
refers to a linear or branched aliphatic hydrocarbon mon-
ovalent group having 1 to 60 carbon atoms. Examples of the
C,-Cg alkyl group include a methyl group, an ethyl group,
an n-propyl group, an iso-propyl group, an n-butyl group, an
iso-butyl group, a sec-butyl group, a tert-butyl group, an
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n-pentyl group, an iso-pentyl group, a tert-pentyl group, a
neopentyl group, a 1,2-dimethylpropyl group, an n-hexyl
group, an iso-hexyl group, a 1,3-dimethylbutyl group, an
1-iso-propylpropyl group, a 1,2-dimethylbutyl group, an
n-heptyl group, a 1,4-dimethylpentyl group, a 3-ethylpentyl
group, a 2-methyl-1-iso-propylpropyl group, a 1-ethyl-3-
methylbutyl group, an n-octyl group, a 2-ethylhexyl group,
a 3-methyl-1-iso-propylbutyl group, a 2-methyl-1-iso-pro-
pyl group, a 1-tert-butyl-2-methylpropyl group, an n-nonyl
group, a 3,5,5-trimethyldecyl group, an n-decyl group, an
iso-decyl group, an n-undecyl group, a 1-methyldecyl group,
an n-dodecyl group, an n-tridecyl group, an n-tetradecyl
group, an n-pentadecyl group, an n-hexadecyl group, an
n-heptadecyl group, an n-octadecyl group, an n-nonadecyl
group, an n-eicosyl group, an n-heneicosyl group, an n-do-
cosyl group, an n-tricosyl group, and an n-tetracosyl group.
[0160] The term “C,-Cg, alkylene group” as used herein
refers to a divalent group having substantially the same
structure as the C,-Cg, alkyl group.

[0161] The term “C,-C, alkoxy group” as used herein
refers to a monovalent group represented by —OA,,
(wherein A,y is a C;-Cq, alkyl group). Examples of the
C,-C0 alkoxy group include a methoxy group, an ethoxy
group, a propoxy group, an iso-propoxy group, an n-butoxy
group, an iso-butoxy group, a sec-butoxy group, a tert-
butoxy group, an n-pentoxy group, an iso-pentoxy group, a
tert-pentoxy group, a neopentoxy group, an n-hexyloxy
group, an iso-hexyloxy group, a heptyloxy group, an octy-
loxy group, a nonyloxy group, a decyloxy group, an unde-
cyloxy group, a dodecyloxy group, a tridecyloxy group, a
tetradecyloxy group, a pentadecyloxy group, a hexadecy-
loxy group, a heptadecyloxy group, an octadecyloxy group,
a 2-ethylhexyloxy group, and a 3-ethylpentyloxy group.

[0162] The term “C,-Cg, alkylthio group” as used herein
refers to a monovalent group represented by —SA;,,
(wherein A, is a C,-Cg, alkyl group).

[0163] The term “C;-Cy, cycloalkyl group” as used herein
refers to a monovalent monocyclic saturated hydrocarbon
group including 3 to 10 ring-forming carbon atoms.
Examples of the C5-Cg, cycloalkyl group include a cyclo-
propy! group, a cyclobutyl group, a cyclopentyl group, a
cyclohexyl group, and a cycloheptyl group. The term “C,-
Cyo cycloalkylene group” as used herein refers to a divalent
group having substantially the same structure as the C5-Cy,
cycloalkyl group.

[0164] The term “C4-Cg, arvl group” as used herein refers
to a monovalent group having a carbocyclic aromatic system
having 6 to 60 ring-forming carbon atoms (when the C4-Cg,
aryl group is substituted with a substituent, the carbon atom
included in the substituent may not be counted as a ring-
forming carbon atom). The term “C,-C, arylene group” as
used herein refers to a divalent group having a carbocyclic
aromatic system having 6 to 60 carbon atoms. Examples of
the C4-Cgp aryl group include a phenyl group, a naphthyl
group, an anthracenyl group, a phenanthrenyl group, a
pyrenyl group, and a chrysenyl group. When the C,-C, aryl
group and the C,-C,, arylene group each independently
include two or more rings, the respective rings may be fused.

[0165] The term “C4-Cg, aryloxy group™ as used herein
refers to a group represented by —OA, 5 (wherein A5 is a
Cs-Ceo aryl group). Examples of the C,-Cy, aryloxy group
include a 1-naphthyloxy group, a 2-naphthyloxy group, and
a 2-azulenyloxy group.
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[0166] The term “C4-Cy, arylthio group™ as used herein
refers to a group represented by —SA, , (wherein A, is a
Cs-Cg aryl group).

[0167] The term “C,-C, heteroaryl group” as used herein
refers to a monovalent group having a heterocyclic aromatic
system having at least one heteroatom selected from N, O,
Si, P, and S as a ring-forming atom and 1 to 60 ring-forming
carbon atoms. The term “C,-C,, heteroarylene group” as
used herein refers to a divalent group having a heterocyclic
aromatic system having at least one heteroatom selected
from N, O, Si, P, and S as a ring-forming atom and 1 to 60
ring-forming carbon atoms. Examples of the C,-Cg, het-
eroaryl group include a pyridinyl group, a pyrimidinyl
group, a pyrazinyl group, a pyridazinyl group, a triazinyl
group, a quinolinyl group, and an isoquinolinyl group. When
the C,-Cq, heteroaryl group and the C,-C, heteroarylene
group each independently include two or more rings, the
respective rings may be fused.

[0168] The term “C,-Cg, heteroaryloxy group” as used
herein refers to a group represented by —o0A, s (wherein
A5 1s a C;-C, heteroaryl group). Examples of the C,-Cy,
heteroaryloxy group include a 2-furanyloxy group, a 2-thie-
nyloxy group, a 2-indolyloxy group, a 3-indolyloxy group,
a 2-benzofuryloxy group, and a 2-benzothienyloxy group.
[0169] The term “C,-Cg, heteroarylthio group” as used
herein refers to a group represented by —SA,,, (Wherein
A g6 18 a C,-C, heteroaryl group).

[0170] The term “C,-C,, arylalkyl group” as used herein
refers to a monovalent group in which an alkyl group is
substituted with an aryl group. The total number of carbon
atoms forming the alkyl group and the aryl group may be in
a range of 7 to 30. Examples of the C,-C,, aryl alkyl group
include a benzyl group, a phenylethyl group, a phenylpropyl
group, and a naphthylmethyl group.

[0171] The term “C,-Cy, arylalkyloxy group™ as used
herein refers to a group represented by —OA, .5 (wherein
A s is a C;-Cy, arylalkyl group).

[0172] The term “C,-C,, arylalkylthio group” as used
herein refers to a group represented by —SA, . (wherein
A, 15 a C,-C,, arylalkyl group).

[0173] The term “Cgy-C,, arylalkenyl group” as used
herein refers to a monovalent group in which an alkenyl
group is substituted with an aryl group. The total number of
carbon atoms forming the alkenyl group and the aryl group
may be in a range of 8§ to 30.

[0174] The term “Cg4-C,, arylalkynyl group” as used
herein refers to a monovalent group in which an alkynyl
group is substituted with an aryl group. The total number of
carbon atoms forming the alkynyl group and the aryl group
may be in a range of 8 to 30.

[0175] The term “monovalent non-aromatic condensed
polycyclic group” as used herein refers to a monovalent
group that has two or more condensed rings and only carbon
atoms (e.g., the number of carbon atoms may be in a range
of 8 to 60) as ring-forming atoms, wherein the molecular
structure as a whole is non-aromatic. Examples of the
monovalent non-aromatic condensed polycyclic group
include a fluorenyl group. The term “divalent non-aromatic
condensed polycyclic group” as used herein refers to a
divalent group having substantially the same structure as the
monovalent non-aromatic condensed polycyclic group.
[0176] The term “monovalent non-aromatic condensed
heteropolycyclic group” as used herein refers to a monova-
lent group that has two or more condensed rings, and a
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heteroatom selected from N, O, P, Si, and S and carbon
atoms (e.g., the number of carbon atoms may be in a range
of 1 to 60) as ring-forming atoms, wherein the molecular
structure as a whole is non-aromatic. Examples of the
monovalent non-aromatic condensed heteropolycyclic
group include a carbazolyl group. The term “divalent non-
aromatic condensed heteropolycyclic group” as used herein
refers to a divalent group having substantially the same
structure as the monovalent non-aromatic condensed het-
eropolycyclic group.

[0177] The term “Cs-Cq, carbocyclic group” as used
herein refers to a saturated or unsaturated cyclic group
including 5 to 60 carbon atoms only as ring-forming atoms.
The Cs-Cg, carbocyclic group may be a monocyclic group
or a polycyclic group. Depending on formula structure, the
C,-C4, carbocyclic group may be monovalent, divalent,
trivalent, quadrivalent, pentavalent, or hexavalent.

[0178] The term “C,-C,, heterocyclic group” as used
herein refers to saturated or unsaturated cyclic group includ-
ing 1 to 60 carbon atoms and at least one heteroatom
selected from N, O, P, Si. and S as ring-forming atoms. The
C,-C, heterocyclic group may be a monocyclic group or a
polycyelic group. Depending on a formula structure, the
C;5-C,, heterocyclic group may be monovalent, divalent,
trivalent, quadrivalent, pentavalent, or hexavalent.

[0179] In the present specification, at least one substituent
of the substituted C5-C, carbocyclic group, the substituted
C,-Cgo heterocyclic group, the substituted C,-Cg, alkyl
group, the substituted C,-Cy, alkeny] group, the substituted
C,-Cg, alkynyl group, the substituted C,-Cy,, alkoxy group,
the substituted C,-C,, cycloalkyl group, the substituted
C,-C,, heterocycloalkyl group, the substituted C;-C,
cycloalkenyl group, the substituted C,-C,, heterocycloalk-
enyl group, the substituted C4-C, aryl group, the substituted
C4-Cgo aryloxy group, the substituted C,-Cg, arylthio group,
the substituted C,-Cg, heteroaryl group, the substituted
monovalent non-aromatic condensed polycyclic group, and
the substituted monovalent non-aromatic condensed het-
eropolycyclic group may be selected from:

[0180] deuterium, —F, —Cl, —Br, —I, —CD,, —CD,H,
—CDH,, —CF;, —CF,H, —CFH,, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C;-Cq,
alkyl group, a C,-Cy, alkenyl group, a C, C, alkynyl group,
and a C,-Cy, alkoxy group;

[0181] a C,-C, alkyl group, a C,-C, alkenyl group, a
C,-Cg alkynyl group, and a C,-Cg, alkoxy group, each
substituted with at least one selected from deuterium, —F,
—Cl, —Br, —I, —CD,, —CD,H, —CDH,, —CF,,
—CF,H, —CFH,, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, a hydrazine
group, a hydrazone group, a carboxylic acid group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C5-C,, cycloalkyl group, a
C,-C,, heterocycloalkyl group, a C,;-C,, cycloalkenyl
group, a C,-C,, heterocycloalkenyl group, a C,;-Cg, aryl
group, a C4-Cy, aryloxy group, a C.-C, arylthio group, a
C,-Cg, heteroaryl group, a monovalent non-aromatic con-
densed polycyclic group, a monovalent non-aromatic con-
densed heteropolycyclic group, —N(Q,,)(Q5,), —Si(Q,3)
(Qu)(Q15), —B(Q16)(Q17), and —P(=0)(Q15)(Q10):
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[0182] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a C-Cy, aryl group, a Cy4-Ce,
aryloxy group, a C,-C,, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group;

[0183] a C;-C,, cycloalkyl group, a C,-C,, heterocy-
cloalkyl group, a C;-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a C-C, aryl group, a Cy4-Ce,
aryloxy group, a C4-Cy, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group, each substituted with at least one selected
from deuterium, —F, —Cl, —Br, —I, —CD;, —CD,H,
—CDH,, —CF;, —CF,H, —CFH,, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, a hydrazine group, a hydrazone group, a carboxylic
acid group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C;-Cq,
alkyl group, a C,-C, alkenyl group, a C,-C, alkynyl group,
a C,-Cg, alkoxy group, a C;-C,, cycloalkyl group, a C,-C,,
heterocycloalkyl group, a C5-cycloalkenyl group, a C,-C,,
heterocycloalkenyl group, a C-Cg, aryl group, a Cyg-Cqq
aryloxy group, a C4-Cg, arylthio group, a C,-C, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, a monovalent non-aromatic condensed heteropoly-
cyclic  group.  —N(Q,)(Qz).  —S1(Q13)(Q24)(Qss).
—B(Q46)(Q27), and —P(=0)(Q3)(Qy), and

[0184] —N(Q31)(Qs2), —Si(Q33)(Qs4)(Qs5), —B(Qs6)
(Q;7), and —P(=0){Q;)(Q35),

[0185]  wherein Q, to Qo, Q; t0 Qyo, Qy 10 Qyo, and Qs
to Q5o may each independently be selected from hydrogen,

deuterium, —F, —Cl, —Br, —I, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group, a
hydrazine group, a hydrazone group, a carboxylic acid group
or a salt thereof, a sulfonic acid group or a salt thereof, a
phosphoric acid group or a salt thereof, a C,-Cy, alkyl group,
a C,-Cy, alkenyl group, a C,-C, alkynyl group, a C,-C,
alkoxy group, a C5-C,, cycloalkyl group, a C,-Cio hetero-
cycloalkyl group, a C5-C,, cycloalkenyl group, a C,-C,
heterocycloalkenyl group, a C¢-Cgq aryl group, a C4-Cyq aryl
group substituted with at least one selected from a C,-Cg,
alkyl group and a C,-Cg, aryl group, a C,-Cq, aryloxy
group, a C¢-Cg, arylthio group, a C,-C, heteroaryl group, a
monovalent non-aromatic condensed polycyclic group, and
a monovalent non-aromatic condensed heteropolycyclic
group.

[0186] The term “A to B” as used herein refers to a range
from A to B including A and B.

[0187] Hereinafter, with reference to Examples and Com-
parative Examples, the heterocyclic compound represented
by Formula 1 and an organic light-emitting device including
the heterocyclic compound will be further described. How-
ever, these Examples are illustrative purposes only, and thus,
the heterocyclic compound and the organic light-emitting
device according to an embodiment is not limited to the
following Examples.

[0188] The wording “B was used instead of A” used in
describing Synthesis Examples means that an identical
molar equivalent of B was used in place of A.

[0189] Also, unless otherwise described, “%” is based on
a weight.
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EXAMPLES
Synthesis Example 1

Synthesis of Compound 1

[0190] Compound 1 was synthesized according to Reac-
tion Scheme 1: Intermediate E was synthesized according to
Reaction Scheme 2.

Reaction Scheme 1

QD %

Br

A

eved
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Reaction Scheme 2
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[0191] (1) Synthesis of Intermediate A

[0192] 15.00 grams (g, 46.55 mmol) of 3-bromo-9-phe-
nyl-9H-carbazole, 17.19 g (46.55 mmol) of 3-phenyl-6-(4,
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4,5 5-tetramethyl-1,3,2-dioxabororane-2-y1)-9H-carbazole,
1.61 g (1.40 mmol) of tetrakis(triphenylphosphine)palla-
dium(0), 137 milliliters (mL) of toluene, 51 mL of ethanol,
and 137 mL of 2 molar (M) sodium carbonate aqueous
solution were mixed together. Under nitrogen atmosphere,
the mixture was stirred at a temperature of 90° C. for 3
hours. Once the reaction was complete, an extraction pro-
cess was performed using toluene/water, and then a solvent
of an organic layer was distilled. Subsequently, Intermediate
A was obtained by purifying through a column chromatog-
raphy.

[0193] (2) Synthesis of Intermediate B

[0194] 10.00 g (20.64 mmol) of Intermediate A, 6.07 g
(46.55 mmol) of 3-bromo-3'-chlorophenyl, 0.37 g (1.65
mmol) of palladium acetate (II), 0.96 g (3.30 mmol) of
tri-tert-butylphosphonium tetrafluoroborate, 2.98 g (30.95
mmol) of sodium tert-butoxide, and 100 mL of toluene were
mixed together. Under nitrogen atmosphere, the mixture was
stirred at a temperature of 120° C. for 4 hours. Once the
reaction was complete, an extraction process was performed
using toluene/water, and then a solvent of an organic layer
was distilled. Subsequently, Intermediate B was obtained by
purifying through a column chromatography.

[0195] (3) Synthesis of Intermediate C

[0196] 8.00 g (11.92 mmol) of Intermediate B, 4.54 g
(17.88 mmol) of bis(pinacolato)diborane, 0.55 g (0.6 mmol)
of tris(dibenzylideneacetone)dipalladium (0), 0.57 g (1.19
mmol) of XPhos, 5.26 g (53.63 mmol) of potassium acetate,
and 120 mL of 1,4-dioxane were mixed together. Under
nitrogen atmosphere, the mixture was stirred at a tempera-
ture of 100° C. for 4 hours. Once the reaction was complete,
a solvent was distilled to thereby obtain Intermediate C.
[0197] (4) Synthesis of Intermediate D

[0198] Under nitrogen atmosphere, 18.30 g (56.8 mmol)
of 5-bromo-3-phenyl-9H-carbazole, 24.52 g (54.1 mmol) of
2,4-diphenyl-6-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)phenyl)-1,3,5-triazine, 0.949 g (1.35 mmol) of dichlo-
robis (triphenylphosphine)dipalladium, 154 mI of dioxane,
77 mL of toluene, and 148 mL of 1 M sodium carbonate
aqueous solution were added to a reaction vessel. The
mixture was stirred at a temperature of 85° C. for 6 hours.
Once the reaction was complete, the mixture was cooled to
room temperature, and an extraction process was performed
using toluene/water, followed by washing with chloroform/
hexane, thereby obtaining Intermediate D.

[0199] (5) Synthesis of Intermediate E

[0200] Under argon atmosphere, 26.90 g (48.9 mmol) of
Intermediate D, 14.51 g (51.3 mmol) of 1-bromo-3-iodine
benzene, 1.86 g (9.77 mmol) of iodized copper (I}, 3.35 g
(29.3 mmol) of trans-1,2-cyclohexanediamine, 9.39 g (97.7
mmol) of sodium tert-butoxide, and 242 m[ of dioxane were
added to a reaction vessel. Then, the mixture was stirred at
a temperature of 100° C. for 7 hours. Once the reaction was
complete, the reaction mixture was cooled to room tempera-
ture. Then, using a Celite filter, impurities were filtered and
separated. A solvent was distilled therefrom, and purification
was performed using column chromatography, thereby
obtaining Intermediate E.

[0201] (6) Synthesis of Compound 1

[0202] 8.00 g (10.49 mmol) of Intermediate C, 7.40 g
(10.49 mmol) of Intermediate E, 0.49 g (0.52 mmol) of
tris(dibenzylideneacetone)dipalladium (0), 0.50 g (1.05
mmol) of XPhos, 127 mL of toluene, 32 mL of ethanol, and
13 mL of 2 M sodium carbonate aqueous solution were
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mixed together. Then, the mixture was stirred at a tempera-
ture of 90° C. for 4 hours under nitrogen atmosphere. Once
the reaction was complete, an extraction process was per-
formed using toluene/water, and then a solvent of an organic
layer was distilled. Subsequently, Compound 1 was obtained
by purifying through a column chromatography. The
molecular weight of Compound 1 was 1261.54.

Synthesis Example 2

Synthesis of Materials for Hole Transport Layer

[0203] According to the method disclosed in WO 2011-
159872, Polymer P-1 corresponding to Compound T was
synthesized. The formula of P-1 is shown below. Regarding
the molecular weight of P-1, Mn=141,000, and Mw=511,
000.

[0204] FA-14 disclosed in US 2016/0315259 was synthe-
sized. The formula of FA-14 is shown below.

N
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Example 1

[0205] PEDOT-PSS (available from Sigma-Aldrich) was
spin-coated on a glass substrate having 150 nm stripe-
patterned ITO (indium tin oxide, anode) to form a dried film
having a thickness of 15 nm, thereby forming a hole
injection layer.

[0206] A coating liquid, in which P-1 and FA-14 were
dissolved in anisole, for forming a hole transport layer
(wherein the content of FA-14 is 20 weight % based on the
total content of the hole transport layer) was spin-coated on
the hole injection layer. The result was heated at a tempera-
ture of 250° C. for 1 hour to thereby form a hole transport
layer having a dried film having a thickness of 125 nm.

[0207] Also, 4 weight % of a coating liquid, in which
Compound 1 as a host material on the hole transport layer

P-1

and tris(2-(3-p-xylyl)phenyl)pyridine iridium (III) as a dop-
ant material were dissolved in methyl benzoate, for forming

FA-14
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39
an emission layer was spin-coated on the hole transport layer _continued
to form an emission layer (wherein a doped weight of the
dopant material was 10 weight % based on the total weight
of the emission layer) to a thickness of 55 nm as a dried film.
N
N.
TEG —
\ N
Net/

[0208] Lithium 8-hydroxyquinolate (hereinafter, referred
to as LiQ) and KLET-03 (available from Chemipro Kasei
Co., Ltd.) were co-deposited on the emission layer at a ratio
of 1:1 using a vacuum deposition apparatus to form an
electron transport layer having a thickness of 20 nm.
Lithium fluoride (hereinafter, referred to as LiF) was depos-
ited on the electron transport layer using a vacuum deposi-
tion apparatus to form an electron injection layer having a
thickness of 3.5 nm. Further, aluminum was deposited on the
electron injection layer using a vacuum deposition apparatus
to form a second electrode (cathode) having a thickness of
100 nm, thereby completing the manufacture of an organic
light-emitting device.

Examples 2 to 4 and Comparative Examples 1 and
2

[0209] Organic light-emitting devices were manufactured
in substantially the same manner as in Example 1, except
that compounds shown in Table 1 were used as a host
material in each emission layer.

[0210] However, in Comparative Example 1 the host
material was not fully dissolved in a solvent, and thus, an
emission layer was not formed, thus resulting in failure of
the manufacture of an organic light-emitting device.

Jun. 27,2019
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-continued
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P

Evaluation Example 1

[0211] The current efficiency and luminescence efficiency
of the organic light-emitting devices manufactured in
Examples 1 to 4 and Comparative Examples 1 and 2 were
evaluated in the following manner.

[0212] A predetermined voltage was applied to each of the
organic light-emitting devices by using a direct-current
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constant-voltage power source (for example, a source meter
available from KEYENCE Co., Ltd.) for the emission of the
organic light-emitting device. The emission of each of the
organic light-emitting device was measured by a luminance
meter (for example, SR-3 available from Topcom Co., Ltd)
while a current applied to the organic light-emitting device
was gradually raised. Then, when the luminance reached
6,000 candelas per square meter (cd/m?), the current was set
to be constant, and then the organic light-emitting device
was standed for.

[0213] Then, a value of current per unit area (current
density) of the organic light-emitting device was calculated,
and the luminance (cd/m*) was divided by the current
density (amperes per square meter, A/m?) to calculate “cur-
rent efficiency (candelas per ampere, cd/A)”.

[0214] In addition, the “emission lifespan (LTgs, hour)”
indicates time (hour) for the luminance measured by the
luminance meter to decline to 95% of its initial luminance.
[0215] The results of evaluation are shown in Table 1. The
current efficiency and emission lifespan of Examples 1 to 4
and Comparative Examples 1 and 2 are shown in values
relative to 100 of the measured values of Comparative
Example 1.

TABLE 1
Current
efficiency Emission
(relative lifespan
Host material value)  (relative value)
Example 1 ~ Compound 1 125 450
Example 2 Compound 1:Compound 41 137 636
(1:1 weight ratio)
Example 3 Compound 1:Compound 41 135 830
(2:3 weight ratio)
Example 4  Compound 1:Compound 44 145 363
Comparative Compound 42:Compound 43 Film Film formation
Example 1 (1:1 weight ratio) formation failed
failed
Comparative Compound 44:Compound 45 100 100
Example 2 (1:1 weight ratio)
[0216] As shown in Table 1, the organic light-emitting

devices of Example 1 to 4 were prepared by using a coating
method, and the current efficiency and emission lifespan
were found to be excellent.

[0217] Also, in Example 2, when a known material and the
heterocyclic compound is used in combination, the current
efficiency and emission lifespan were found to be excellent.
In Example 3, by adjusting the mixed ratio with a known
material, an organic light-emitting device having a longer
lifespan was obtained.

[0218] Further, referring to Example 4, when an electron
transporting host and the heterocyclic compound are used in
combination, the current efficiency and emission lifespan are
excellent. In particular, an organic light-emitting device that
is further efficient was obtained.

[0219] In Comparative Example 1, as the host material
was not fully dissolved in a solvent, the emission layer was
not formed. Therefore, in Comparative Example 1, an
organic light-emitting device was not prepared. Thus, it was
not possible to measure the current efficiency and emission
lifespan.

[0220] As apparent from the foregoing description, the
heterocyclic compound has excellent electrical characteris-
tics and/or thermal stability. Accordingly, an organic light-
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emitting device employing the heterocyclic compound has
an improved current efficiency and lifespan characteristics.
[0221] It should be understood that embodiments
described herein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or
aspects in other embodiments.
[0222] While one or more embodiments have been
described with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made therein without departing
from the spirit and scope of the present description as
defined by the following claims.

What is claimed is:

1. A heterocyclic compound represented by Formula 1:

Formula 1
Re)as
2
A
®9) X IX23
5)as
R N %
Ry X6\

REN eXis A4 N
X\\Xl XgV X Xie=x,  (La
3 (Lp1 Xi4

Al—(LZ)bZ4 / N7 =~ \ 4 A

X4 X3

/
Xs Xg
X5y )l! )‘2 A
2\ .
X 10f~x,

Rz Rilas

wherein, in Formula 1,

X, to X,, are each independently selected from carbon
(C) and nitrogen (N),

at least one selected from X, and X, is C and is bound to
(La)pa-Al

L, is selected from a substituted or unsubstituted C,-C,,
alkylene group, a substituted or unsubstituted C;5-C,,
cycloalkylene group, a substituted or unsubstituted
C5-Cy, carbocyclic group, and a substituted or unsub-
stituted C,-C, heterocyclic group,

L, and L, are each independently selected from a single
bond, a substituted or unsubstituted C,-C,, alkylene
group, a substituted or unsubstituted C;-C,,, cycloalky-
lene group, a substituted or unsubstituted Cs-Cg, cat-
bocyclic group, and a substituted or unsubstituted
C,-C, heterocyclic group,

bl is an integer selected from 1 to 5,

b2 and b3 are each independently an integer from 0 to 5,

A, and A, are each independently selected from a substi-
tuted or unsubstituted C,-Cg, aryl group, a substituted
or unsubstituted C4-Cg, aryloxy group, a substituted or
unsubstituted C4-Cg, arylthio group, a substituted or
unsubstituted C,-C, heteroaryl group, a substituted or
unsubstituted C,-Cg, heteroaryloxy group, a substi-
tuted or unsubstituted C,-Cg, heteroarylthio group, a
substituted or unsubstituted monovalent non-aromatic
condensed polycyclic group, a substituted or unsubsti-
tuted monovalent non-aromatic condensed heteropoly-
cyclic group, and a substituted or unsubstituted C5-Cy,
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heteroaryl group, provided that at least one selected
from A, and A, 15 a C,5-Cg, heteroaryl group,

R, to R are each independently selected from hydrogen,
deuterium, —F, —Cl, —Br. —I, —CD,;, —CD,H,
—CDH,, —CF;, —CF,H, —CFH,, a hydroxyl group,
a cyano group, a nitro group, an amino group, an
amidino group, a hydrazine group, a hydrazone group,
a carboxylic acid group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-Cq, alkyl group, a C,-C,, alkenyl group,
a C,-Cq, alkynyl group, a C,-Cg, alkoxy group, a
C,;-C,, cycloalkyl group, a C,-Cio heterocycloalkyl
group, a C,-C,, cycloalkenyl group, a C,-C,, hetero-
cycloalkenyl group, a C4-Cy, aryl group, a Cg-Cy
aryloxy group, a C¢-Cg, arylthio group, a C,-Cg, het-
eroaryl group, a C,-Cg, heteroaryloxy group, a C,-Cy,
heteroarylthio group, a monovalent non-aromatic con-
densed polycyclic group, and a monovalent non-aro-
matic condensed heteropolycyclic group,

al , a4, and a5 are each independently an integer from 0
to 3, and

a2, a3, and a6 are each independently an integer from 0 to
4.

2. The heterocyclic compound of claim 1, wherein a
molecular weight of the heterocyclic compound 1s in a range
of 1,000 Daltons to 3,000 Daltons.

3. The heterocyclic compound of claim 1, wherein at least
one selected from L, to L, is selected from a substituted or
unsubstituted Cg-Cy, carbocyclic group, a heterocyclic
group comprising 5 to 60 ring-forming atoms and O or S as
a heteroatom, and a substituted or unsubstituted C;-Cg,
cycloalkylene group.

4. The heterocyclic compound of claim 1, wherein L, to
L, are each independently selected from the following
structures:

"0y
P
ool
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-continued

5. The heterocyclic compound of claim 1, wherein at least
one selected from A, and A, is a substituted or unsubstituted
C,-C¢, heterocyclic group comprising nitrogen.

6. The heterocyclic compound of claim 1, wherein at least
one selected from A, and A, is selected from a substituted or
unsubstituted pyridiny] group, a substituted or unsubstituted
pyrazinyl group, a substituted or unsubstituted pyrimidinyl
group, a substituted or unsubstituted pyridazinyl group, a
substituted or unsubstituted triazinyl group, a substituted or
unsubstituted azadibenzofuranyl group, a substituted or
unsubstituted diazabenzofuranyl group, a substituted or
unsubstituted azadibenzothiophenyl group, and a substituted
or unsubstituted diazabenzothiophenyl group.

7. The heterocyclic compound of claim 1, wherein at least
one selected from A, and A, is selected from Formulae 5-1
to 3-25:

51
N7 Xy
)\O
N

52
Iji@
©)\ &
N
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8. The heterocyclic compound of claim 7, wherein A, is
selected from Formulae 5-1 to 5-11.

9. The heterocyclic compound of claim 1, wherein R, to
R are each independently hydrogen, —F, —Cl, —Br, —I,
a substituted or unsubstituted C,-C,, alkyl group, a substi-
tuted or unsubstituted C5-Cq,, cycloalkyl group, a substituted
or unsubstituted C;-Cg, heterocycloalkyl group, a substi-
tuted or unsubstituted C4-Cy, aryl group, a C,-C 4, heteroaryl
group, a monovalent non-aromatic condensed polycyclic
group, and a monovalent non-aromatic condensed heteropo-
lycyclic group.

10. The heterocyclic compound of claim 1. wherein the
heterocyclic compound represented by Formula 1 is repre-
sented by Fornula 10:

Formula 10
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wherein, in Formula 10,
L, to Ls, A}, A,, and b, to b, are each defined the same
as in claim 1,
R,; to R, ; are each defined the same as R, in claims 1,
R,, to R,, are each defined the same as R, in claims 1,
R;, to R;, are each defined the same as R in claims 1,
R,, to R,; are each defined the same as R, in claims 1,
R;, to Ry are each defined the same as Ry in claims 1, and
Ry, to Ry, are each defined the same as R in claim 1.
11. The heterocyclic compound of claim 10, wherein R,
to Ry Ry Rop Roys Ry Ryo, Ryy Ry to Rys, Ry to Ry,
and Ry, to Ry, are each hydrogen,
R,; is selected from hydrogen, a cyclopentyl group, a
cyclohexyl group, a cycloheptyl group, a phenyl group,
a naphthyl group, an anthracenyl group, a phenanthre-
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isoquinolinyl group, a carbazolyl group, a dibenzofura-
nyl group, a dibenzothiophenyl group, a biphenyl
group, and a terphenyl group, and

R, is selected from a cyclopentyl group, a cyclohexyl
group, a cycloheptyl group, a phenyl group, a naphthyl
group, an anthracenyl group, a phenanthrenyl group, a
pyrenyl group, a chrysenyl group, a triphenylenyl
group, a fluorenyl group, a pyridinyl group, a pyrim-
idiny1 group, a pyrazinyl group, a pyridazinyl group, a
triazinyl group, a quinolinyl group, a quinazolinyl
group, a quinoxalinyl group, an isoquinolinyl group, a
carbazolyl group, a dibenzofuranyl group, a dibenzo-
thiophenyl group, a biphenyl group, and a terphenyl
group.

12. The heterocyclic compound of claim 1, wherein the

nyl group, a pyrenyl group, a chrysenyl group, a heterocyclic compound represented by Formula 1 is asym-
triphenylenyl group, a fluorenyl group, a pyridinyl metric.

group, a pyrimidinyl group, a pyrazinyl group, a 13. The heterocyclic compound of claim 1. wherein the
pyridazinyl group, a triazinyl group, a quinolinyl heterocyclic compound represented by Formula 1 is selected
group, a quinazolinyl group, a quinoxalinyl group, an from Compounds 1 to 36:

1
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14. A composition for an organic light-emitting device
comprising at least one selected from the heterocyclic com-
pound of claim 1.

15. The composition of claim 14, wherein the composi-
tion for an organic light-emitting device further comprises a
solvent, and wherein a content of the heterocyclic compound
in the composition for an organic light-emitting device is
0.01 percent by mass or greater.

16. An organic light-emitting device comprising:

a first electrode;

a second electrode; and

an organic layer disposed between the first electrode and

the second electrode,

wherein the organic layer comprises an emission layer

and at least one heterocyclic compound of claim 1.

17. The organic light-emitting device of claim 16, wherein

the first electrode 1s an anode,

the second electrode is a cathode,

the organic layer comprises a hole transport region dis-

posed between the first electrode and the emission layer

and an electron transport region disposed between the
emission layer and the second electrode,

wherein the hole transport region comprises at least one

selected from a hole injection layer, a hole transport
layer, a buffer layer, an emission auxiliary layer, and an
electron blocking layer, and

wherein the emission layer comprises the heterocyclic

compound.

18. The organic light-emitting device of claim 17, wherein
the heterocyclic compound emits light from triplet excitons.

19. The organic light-emitting device of claim 17, wherein
the hole transport region comprises an amine group-con-
taining polymer.

20. The organic light-emitting device of claim 19, wherein
the hole transport region comprises a hole transport layer
that is in direct contact with the emission layer, and wherein
the hole transport layer comprises the amine group-contain-
ing polymer.
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